The Hedgehog (Hh) signal transduction pathway plays a central role in many developmental processes including the patterning of the neural tube and limbs of vertebrates [1] . Much of our understanding of this pathway comes from studies using Drosophila. In Drosophila, the primary target of Hh signal transduction is the zinc finger transcription factor Cubitus interruptus (Ci). In vertebrates there are three Ci homologues, Gli1, Gli2 and Gli3, and the newly identified reg-ulators of Ci are likely to have important roles in the regulation of these vertebrate homologues by Sonic Hedgehog (Shh) signaling.
to identify the biochemical events required for this regulation. Both studies show that Ci is phosphorylated by Sgg/GSK3 and that this phosphorylation is dependent on PKA phosphorylation of nearby residues. In addition, Price and Kalderon [10] identified adjacent CK1 sites that also require a priming phosphorylation by PKA (Figure 1) .
Key results include mutating Sgg/GSK3 or CK1 phosphorylation sites in Ci and showing that proteolysis is inhibited and showing that sgg mutant clones lack the activity of the cleaved Ci 75 repressor. And overexpression of double-time, a Drosophila CK1 homolog, can reduce Ci 155 levels. Therefore, all three kinases, PKA, Sgg/GSK3 and CK1 are needed for Ci proteolysis. The extent of phosphorylation needed to target Ci for proteolysis, however, is not yet known. Previous studies in tissue culture indicated that each of the three PKA sites contributed to regulation of proteolysis [9] . However, mutating a PKA site also inhibits neighboring Sgg/GSK3 and CK1 phosphorylation thereby eliminating a cluster of phosphates.
Jia et al. [11] examined the roles of the Sgg/GSK3 sites in the individual clusters (see Figure 1) . Mutating the GSK3 sites adjacent to either PKA site 2 or 3 partially inhibited Ci proteolysis, suggesting that efficient Ci proteolysis requires phosphorylation at both sites. Together these data suggest that each phosphorylation site contributes to proteolysis of Ci and that it is this highly phosphorylated region that targets Ci for proteolysis, most likely through interaction with Slimb.
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(R/K)-X-(S/T) (red). Phosphorylation at these sites allows Sgg/GSK3 and CK1 to phosphorylate at their consensus sites (S/T)-X-X-X-(S(P)/T(P)) (green) and (S(P)/T(P))-X-X-(S/T) (purple)
respectively. This leads to a highly phosphorylated region within Ci, which is carboxy-terminal to the cleavage site. Location of PKA phosphorylation (yellow) and Sgg/GSK and CK1 phosphorylation (orange) specifically studied in [10, 11] are located above the Ci sequence. Modified from [10] .
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Current Biology higher levels of reporter gene expression [10] . This is consistent with previous work showing that Hh regulates aspects of Ci function beyond its proteolytic processing. In particular, Ci nuclear import is Hh dependent but does not require PKA phosphorylation [12] . Suppressor of fused [Su(fu)], which is associated with Ci in a complex [13, 14] , is involved in sequestering Ci in the cytoplasm [5, 15] . sgg; Su(fu) double mutants have an enhanced mutant phenotype [11] suggesting that regulation of Ci cleavage and nuclear import are distinct.
One note of caution, however, arises from the comparison of PKA, smo mutant clones with sgg, PKA, smo mutant clones. Price and Kalderon [10] showed that the Sgg/GSK3 kinase is likely to have at least one additional target in the Hh signal transduction cascade. This points to the complexity of the pathway and the need to complement genetic experiments with biochemical studies.
The triple cluster of PKA, Sgg/GSK3, and CK1 sites have all been conserved between Ci and the vertebrate Gli2 and Gli3 proteins. As with Ci, proteolytic processing of Gli3 is regulated by Shh signaling [16] . Therefore, it seems likely that this same constellation of kinases regulates cleavage of Gli3. Whether there is a role for proteolytic processing of Gli2 is less clear. Smaller fragments of Gli2 have been found in certain contexts, but as of yet, there is no evidence for regulation by Shh [17] . Gli1 does not appear to be proteolytically processed, and while it is missing the third cluster of kinase sites, the first two are intact. The conservation of these kinase sites in Gli1 and Gli2 may suggest that they have other functions in addition to regulating proteolytic processing.
Sgg/GSK3 and CK1 have been previously shown to be components of the Wingless/Wnt signaling pathway. With the demonstration that they also act in the Hh pathway, it is of interest to understand how these pathways remain distinct and whether there is cross talk in certain contexts. In particular, recent work has shown that CK1 phosphorylation of β β-catenin primes subsequent phosphorylation by Sgg/GSK3 [18] 
